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Conclusion: The choice of model contributes to SC risk 
fluctuating in favour of either IMPT or VMAT. Large variations 
were seen across rCTs, indicating that day-to-day variations 
in anatomy lead to fluctuations in SC risk estimates that are 
at least of the same magnitude as the inter-patient 
variations. Organ motion effects should therefore also be 
accounted for in SC risk estimates. 
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Purpose or Objective: To compare the dosimetric features of 
the semi-automated knowledge-based vs. conventional 
experience-based VMAT planning for pre-operative rectal 
cancer patients treated with simultaneous-integrated-
boosting (SIB) radiotherapy. 
 
Material and Methods: Created by experts following 
consistent contouring and planning protocols, clinically 
approved SIB VMAT plans for 150 patients were selected, 80 
which were added to the library of Varian RapidPlan to train 
the DVH estimation model. The other 70 plans were 
duplicated whose MLC sequences were re-optimized using the 
model-generated DVH objectives. All plans were normalized 
to PTV95% ≥ 41.8 Gy and PGTV95% ≥ 50.6 Gy before 
comparing: dose coverage of GTV and CTV; homogeneity 
index (HI), conformal index (CI), hotspot volume receiving 
over 107% of prescription (V107%_PGTV), mean dose and dose 
to 50% volume of femoral head (Dmean_FH and D50%_FH) and 
urinary bladder (Dmean_UB and D50%_UB) respectively. 
Average DVHs of 70 patients were plotted. The normally and 
non-normally distributed data sets were analyzed using 
paired samples t-test and Wilcoxon signed ranks test 
respectively, setting P<0.05 as significant. 
 
Results: Identified as potential outlier or influential data 
points, the plans of 4 FH and 11 UB were reviewed yet 
abnormality was excluded. The DVH's and geometry-based 
expected dose's principal component average fit were 
0.999126 and 0.999481 for FH, 0.999585 and 0.999429 for UB 
respectively. More under-dosed GTV and CTV were found in 
original than the RapidPlan group, but all V100% were over 
99% hence were clinically negligible. Difference of CI was 
insignificant (P=0.051 and P=0.900 for PGTV and PTV 
respectively), yet RapidPlan improved HI of PGTV and PTV 
significantly (Mean ± 1SD = 0.05 ± 0.006 for PGTV, and 0.255 
± 0.008 for PTV) relative to the original plans (0.06 ± 0.008 
for PGTV and 0.263 ± 0.011 for PTV). Positive V107%_PGTV 
were observed in 18 original plans, which was significantly 
higher than the RapidPlan group (none). Table 1 shows 
RapidPlan significantly reduced the D50%_FH, Dmean_FH, 
D50%_UB and Dmean_UB respectively. The mean DVH of the 
70 testing plans (Figure 1) indicates on the basis of 
comparable target dose coverage, superior dose falloff and 







Conclusion: Knowledge-based radiotherapy significantly 
enhanced the consistency of the plan quality by improving 
the target dose homogeneity, hotspot control and normal 
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Purpose or Objective: According to published guidelines if 
tumor motion exceeds 0.5 cm, motion management should be 
utilized in planning and delivery for NSCLC. Dose-volume-
based (Dvh) optimization is the most commonly used 
treatment planning approach in NSCLC IMRT. Energy-based 
inverse optimization is a novel IMRT planning framework, 
which is a rival to Dvh optimization. The purpose of this work 
is to compare Dvh and Energy IMRT planning for time resolved 
(4D) in NSCLC. 
 
Material and Methods: Sixteen lung cases were studied. In 
each case, the target range of motion was over 0.5 cm. For 
each patient five breathing phases were reconstructed from 
the pre-planning 4D CT. All anatomical structures were 
outlined on a reference breathing phase and contours were 
propagated to the other breathing phases. For each phase 
inverse optimization was performed with Dvh and Energy 
based objective functions for the organs at risk (OARs), while 
target objectives were dose based. Each plan utilized seven 
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equally spaced beams with total of 35 segments. Step-and-
shoot IMRT with minimum segment area of 5x5 cm and 
minimum of 10 monitor units per segment was used in each 
plan. Dvh and Energy plans were normalized such that 95% of 
the propagated PTV for each phase received the prescription 
dose. Once prescription was achieved, the doses to OARs, 
such as spinal cord, heart, esophagus, and healthy lungs were 
iteratively lowered until standard deviation of the dose 
across the PTV in each plan became less than 4%. After 
generating Dvh and Energy plans for each breathing phase, 
deformable dose accumulation to the reference breading 
phase for each optimization scheme was performed. The 
resulting 4D Dvh and Energy plans were compared on the 
basis of dose indices (DIs), such as DPTV95% (dose to 95% of 
the PTV), DCord1%, Desophagus50%, Dheart33%, Dlungs20%, 
Dlungs30%, and volume indices (VIs) such as Vlungs2000 cGy, 
and Vlungs3000 cGy. The differences among the DIs and the 
VIs were subjected to a two-tailed paired t-test to determine 
the statistically significant dose differences (p < 0.05). In 
addition, total deposited energy in the irradiated volume was 
assessed. 
 
Results: The table summarizes statistically significant 
differences over all quantities. On average the DIs and the 
VIs from the 4D Energy optimization are lower than the 
indices obtained with the 4D Dvh optimization. The total 
energy deposited in the entire irradiated volume outside of 
the target was lower for all Energy optimized 4D plans with 
statistically significant difference of 13% as compared to the 
4D Dvh plans. 
 
Conclusion: In this work time-resolved treatment planning 
optimization schemes in NSCLC were investigated. The 
results reveal that 4D Energy based optimization outperforms 
4D Dvh based optimization in terms of OAR sparing. For 
comparable target coverage 4D Energy based plans resulted 
in statistically significant lower OAR doses ranging from 14% 
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Purpose or Objective: Knowledge-based (KB) optimization 
reduces planning time and quality dependence on humans, 
yet requires specialty and efforts to develop DVH estimation 
models. This work applied a model configured with supine 
VMAT plans to IMRT optimization (supine & prone) to check 
the feasibility and dosimetric performance. 
 
Material and Methods: Based on Varian RapidPlan, a VMAT 
model was trained and statistically validated using 81 supine 
rectal cancer plans of 1 full arc to cover 95% of PGTV and 
PTV with 50.6 and 41.8 Gy respectively in 22 fractions. 
Without changing any geometric and beam settings (5 fields 
were almost symmetric but not strictly), the dynamic MLC 
sequences of 30 clinical IMRT plans (10 supine and 20 prone) 
were reoptimized using the model. Volume dose of the 
original plans were recalculated using the same algorithm as 
KB plans to avoid bias. All plans were normalized to 
consistent target prescriptions before comparing: 1. 
homogeneity index of PGTV (HI_PGTV) and PTV (HI_PTV); 2. 
conformity index of PGTV (CI_PGTV) and PTV (CI_PTV); 3. 
volume% exceeding 107% of PGTV prescription (V107%, 
V54.14Gy); 4. Global maximum dose (Dmax) and PGTV near 
maximum dose (D2%); 5. mean dose and dose to 50% of the 
femoral head and urinary bladder (Dmean_FH and 
Dmean_UB; D50%_FH and D50%_UB). To compare normally 
distributed data, paired T test (original vs. KB re-planning) 
and independent T-tests (supine vs. prone setups) were 
conducted respectively, otherwise Shapiro-Wilk test and 
Mann-Whitney U test were performed accordingly. 
 
Results: KB IMRT plans of either setups can be optimized 
successfully by the supine VMAT model. Under comparable 
target dose coverage, explicitly better dose falloff in CTV 
and PTV (between V45-49Gy), and much lower dose to the 
bladder and femoral head were observed in KB group (figure 
1: mean DVHs of 30 patients). As shown in table 1, the 
normal organ sparing of KB was significantly superior than the 
original plans, however, the HI_PGTV, HI_PTV, CI_PTV, and 
Dmax were undermined slightly as trade-off (P<0.05). As a 
possible explanation, hotspots were usually segmented and 
suppressed specifically during manual optimization, yet was 
missing by KB process. V107% also appeared in KB group only 
(1 supine: V107%=0.03%; 5 prone: V107%=0.01, 0.08, 0.10, 
1.15 and 1.76% respectively), although the difference of D2% 
was not significant (P=0.102). Supine VMAT model was not 
favourable to patients of same setup (P>0.05), however 
significantly higher D50% and mean dose to femoral head 
were observed in supine group for both original and KB plans: 
indicating the difference may be more attributable to setup 





Conclusion: DVH estimation model configured with VMAT 
plans can be efficiently applied to KB optimization of IMRT 
plans, including patients of different setup orientations. KB 
IMRT reduces dose to normal organs, but the concomitant 
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